
made subsequent to the establishment of standards'! The Commission

did not want to foreclose the development of these improvements.
Mandating a standard could delay or prevent the development and in

troduction of new technologies that consumers would find desirable.

5. The Commission noted that one way to achieve compatibility while
not precluding future technological improvements was to adopt, as
voluntary guidelines, the results of an industry consensus.2 Through its
actions, and those of the Advisory Committee on Advanced Television
Service ("ACATS"), the Commission has brought about what may be a
broadcast industry consensus standard, in contrast to the multiple sys
tems previously vying for approval.3

6. The Commission has asked for comment on the costs and benefits of
mandating the ATSC DTV Standard. The Commission should not
mandate a standard. The Commission should recognize the ATSC DTV
Standard as a voluntary industry standard so that the market can pro
vide modifications dnd improvements to digital television as fast as it is
able to do so. A less intrusive measure would be preferable to imposi

tion of an involuntary standard because it preserves flexibility and
avoids foreclosing the development of alternatives.

7. As noted by the Federal Trade Commission, adopting a single manda
tory standard could have the result of denying users better technology

1 Notice ofInquiry in MM Docket No. 87-268, ("First Inquiry"), 2 FCC Red
5125, 5136 (1987).

2 Id. The Commission also noted two other ways they felt that these
objectives could be accomplished: establish compatibility criteria that
would be applicable only for a short period of time or protect a key
frequency component of the modulated baseband.

3 Fifth Further Notice ofProposed Rule Making in MM Docket No. 87-268,
[hereinafter, Fifth Notice], 1: 27 (1996).
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and services.4 An unexpected turning point in the approach to ad
vanced television has already occurred in the development process,
with the technological focus shifting from an analog system to a digital
system. In the time that this proceeding has been pending, there have
been four generations of microprocessors, and three generations of
micro-computer operating systems and associated standards. Mandat
ing any particular standard necessarily entails obtaining Commission
approval in order to modify the standard. Therefore, any technological
improvement that reqUires a change in the standard not only has to
overcome any economic "inertia" that exists in the marketplace, but
also has to overcome a regulatory burden and associated political iner
tia. This additional burden may deter useful innovations; certainly it
cannot expedite them. In sum, there are few benefits and may be sub
stantial costs of mandating the DTV Standard.

III. ECONOMIC ANALYSIS OF STANDARDS

8. A standard is a conlmon technology that is adopted so that producers
and consumers can more efficiently produce and utilize a given prod
uct or service. In this context, a standard arises because the value of a
particular technology increases with the size of the user base. Each user
of a technology confers benefits on other users of the same technology.
Thus, each user is said to be the source of a "positive externality."
Externalities associated with the joint usage of a technology are
referred to as "network effects."s

4 Comments of the Staff of the Bureau of Economics of the Federal Trade
Commission in MM Docket 87-268 (Nov. 30, 1988).

S For a explanation of the concept of network economies, see M. Katz
and C. Shapiro, /lSystems Competition and Network Effects," 8 J. Eeon.
Persp. 93 (1994); see also J. Farrell and G. Saloner, "Standardization,
Compatibility, and Innovation," 16 Rand Journal 70 (1985); M. Katz
and C. Shapiro, "Network Externalities, Competition, and
Compatibility," 75 Am. Eeon. Rev. 424 (1985); and M. Katz and C.
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9. Standards are ubiquitous. Interconnection of local telephone networks
allows calls between nearly any two telephones in the world and thus
increases the value of phone service. Typewriter keyboards all have the
same letter pattern, so a person need learn only one in order to operate
any keyboard in the United States. Automobile manufacturers produce
cars to use a specific fuel (gasoline) which is available at all refueling
stations. There has arisen a common type of video cassette, so that now
nearly all cassettes are compatible with nearly all cassette players. There
are common interfaces allowing interconnections between personal
computers and peripheral devices, and common communications
protocols for exchanging information via modem and throughout the
internet. Furthermore, as many of the above examples demonstrate,
standards frequently are adopted without government intervention.
That is, in markets with network effects, there is a natural tendency
toward standardization.

10. Economic analysis of standards has tended to focus on whether the mar
ket's choice of a standard will be "optimal". Some theoretical economic
work has suggested that noncooperative decision making in the presence
of network effects may sometimes result in a socially incorrect choice
among new technologies. These models demonstrate that the reasons for
presuming that competitive market outcomes (such as prices) are effi
cient do not necessarily apply to technology choice problems, especially
those with network effects.

11. In the presence of network effects, it is argued that competition between
technologies produces a winner through a process termed "tipping." In
addition to differences in the technical capabilities of technologies, indi
viduals choosing among technologies will consider the size of the user
base. Because of the network effect, the technology with the larger user
base becomes more appealing to potential users. As the user base in
creases, the network effect reinforces itself. Ultimately, one technology

Shapiro, "Technology Adoption in the Presence of Network
Externalities," 94 J. Pol. Eean. 823 (1986).
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will dominate.6 However, the interdependence implied by network
effects may make the choice of standards sensitive to random events and
historical accidents.? There is no necessary assurance that the market
will tip in the direction of the most socially beneficial technology, or
that having done so the resulting standard will produce a non-optimal
future development path for the technology.

12. Alternatively, other theoretical models of technological competition
predict that in some cases no standard will be adopted. This may hap
pen, for instance, if the success of a firm that supplies only some of the
system components depends on other firms introducing the remaining
parts. Firms may choose to delay introducing their own components
until the complementary system components are available. However, if
all component suppliers adopt this strategy a new standard will never be
introduced. The potentially paralyzing fear of being first when the sup
ply of complementary components is uncertain is known as the
"chicken-and-egg" problem. (And the entrepreneur willing to take the
plunge may become a billionaire.)

6 Market choices among standards are not always either-or propositions,
even when network externalities exist. Industries may support
multiple competing standards for several reasons. For some
technologies, network externalities may be exhausted with a user base
considerably smaller than the entire market. Even if network benefits
increase throughout the entire range of the market, multiple
technologies may still survive if users differ in the way they make use
of the technologies. Multiple standards may also persist if ways can be
found to make them sufficiently compatible with each other that
users of different standards may share some of the network
externalities and system economies made possible by a larger user
group. See N. Economides, "Compatibility and the Creation of Shared
Networks," in Electronic Services Networks, 39 (M. Guerin-Calvert and S.
Wildman eds., 1991).

7 The effects of random events and historical accidents are referred to in
the literature as initial conditions and path dependence. See Mark J.
Roe, "Chaos and Evolution in Law and Economics," 109 Harvard Law
Review 641 (1996).
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13. This theoretical literature finds that, depending on factors that are difficult
or impossible to measure, the market may either tend to stay with an
obsolete standard when it may be socially desirable to change standards
("excess inertia") or tend to switch to a new standard when it may be
socially desirable to stay with an established standard ("excess momen
tum"). In sum, the competition among technologies will not always
result in the selection of the technology that maximizes social benefits.8

14. Some authors have noted that required standards, when licensed to
everyone on a non-discriminatory basis, may intensify the more conven
tional forms of competition, such as price, service and product features.9

However, these benefits, if they exist, must be weighed against the costs
of legally imposed 'itandards. These include loss of variety, reduction in
consumer choice, and a reduction in technological competition since
equipment manufacturers cannot offer differentiated products based on
different technologies. Even with differentiated products, there remains
competition on price, service and product features. Indeed, differentiated
products are thought less conducive to collusion than standardized
products. to Moreover, it is very far from clear that consumers are better
off with increased conventional competition if the price they pay is loss
of the benefits from technological progress. 11

15. Based on these theoretical possibilities, some authors have argued that
when there are network effects, it may be wise to have a central
authority pick a single technology. The growing body of economic

8 See Farrell and Saloner, (1985); Katz and Shapiro, (1985); j. Tirole, The
Theory ofIndustrial Organization 404-09 (1988).

9 See S. Besen and J. Farrell, IIChoosing How to Compete: Strategies and
Tactics in Standardization," 8 J. Econ. Persp. 117 (1994).

10 See Department of justice and Federal Trade Commission, Horizontal
Merger Guidelines § 2.1 (1992).

11 See generally, joseph Schumpeter, Capitalism, Socialism and Democracy
(1942).
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literature on compatibility standards, however, does not provide a
workable basis for government imposition of standards. While
government intervention in markets is frequently justified on grounds
of externalities and imperfect information, the government is likely to
be even more ignorant of the virtues of various technologies than are
private parties.

16. As Steve Wildman and I wrote in Video Economics:

Well-meant but poorly-informed attempts by government
to influence the selection of standards may do more harm
than good. Thus any advice concerning government
policy for standards selection must be cautionary.12

There certainly can be no general presumption that the particular stan
dard selected by the government has any special merit relative to the
standard, if any, that would be selected by the market.

17. Moreover, the economic literature recognizes that private institutions
often develop to minimize a potential externality. For example, when
decision makers (e.g., video programming prOViders) can communicate
and jointly decide on a standard, then the externality, and thus the
possibility of non-optimal technology choices, tends to dissipate.13

There are many examples of voluntary private industry standards
organizations, such as the Society of Automotive Engineers (SAE) and
the Institute of Electrical and Electronic Engineers (IEEE), that appear
to be quite successful in facilitating industry-wide consensus on volun
tary technical standards. Since video programming providers can
continue to communicate on such issues, there is no reason to believe
that an externality will necessarily result in a non-optimal choice of

technology.

12 B. Owen and S. Wildman, Video Economics 276 (1992).

13 See Farrell and Saloner (1985) at 73; S. Liebowitz and S. Margolis, liThe
Fable of the Keys 1/ 33 J. Law and Econ. I, 3-4 (1990).
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18. The empirical literature on standards is sparse. Although there is litera
ture arguing that some market-established standards are inefficient
(e.g., David 1985 argues that the QWERTY keyboard is inefficient),
others have concluded that market-established standards are efficient
(e.g., Liebowitz and Margolis find that the QWERTY keyboard is just as
efficient as the allegedly superior Dvorak keyboard),14 Of the thou
sands of voluntary standards, few (if any) have been shown to be
inefficient. For example, Liebowitz and Margolis state:

The empirical support for the market failure of standards is
extremely weak. Typewriter keyboards and video recorders
served for a time as the demonstration of existence of this
market failure, as long as analysis remained at the level of ca
sual empiricism. More detailed analysis is destructive to
these claims .... To date, we are not aware of any evidence of
a single demonstration of a case in which a superior stan
dard failed to dominate a market.IS

19. Thus, there are inherent risks in mandating a standard. First, because it
cannot know the future development of technology, costs, and demand,
the government may simply mandate the wrong standard, one that is
inferior not only to the optimal standard, but also inferior to whatever
possibly non-optimal voluntary standard would develop. Second, a
government-enforced standard will reduce the incentive to develop a
superior alternativt".16 If a superior alternative is developed, a govern
ment-mandated standard will surely impede its adoption.

20. Compared to private standard-setting, government standard-setting has
an additional major disadvantage: it creates barriers to entry by new

14 P. David, "Clio and the Economics of QWERTY," 75 Amer. Eeon. Rev.
332 (1985); Liebowitz and Margolis (1990).

IS S. Liebowitz and S. Margolis, Market Processes and the Selection of
Standards (1996) (unpublished manuscript).

16 R. Gilbert, "Symposium on Compatibility: Incentives and Market
Structure," 40 J. Ind. Eeon. 1 (1992).
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technologies. With voluntary standards, new technologies can attempt
to overthrow or reduce the scope of the dominant standard. Many may
fail, but entrants whose technologies better satisfy customers can prevail.
A government-mandated standard makes the process more difficult. New
technologies must vie for acceptance, not only in the economic market
place, but also in the political marketplace. Producers of the dominant
technology will have a powerful vested interest in stifling the new tech
nology in the political arena. New technologies with great merit may be
frozen out for years, simply because of the slow pace at which govern
ment agencies change policies, a pace dictated by consideration of
procedural fairness and due process rather than economic efficiency. 17

21. There was a time in our history when it was apparent to all that the
imperfections of private markets were intolerable, and that the visible
hand of a rational, I.:entral decision-maker was required. This view is now
recognized to be unsound, as the Commission's own proud record of
promoting competition and deregulation in recent years demonstrates.
We recognize today that while private markets have imperfections, these
may be less costly to the public than the disabilities of centralized deci
sion-making, however fair.

22. Less intrusive measures than government selection and mandating of a
particular standard,. such as recognizing acceptable standards while not
foreclosing market choices among alternatives, are preferable to fiat
because they initiate private standard selection and preserve flexibility.
Also, because somE' of the adverse outcomes of market-based standard
setting are more li kely if market participants are not fully informed
about alternative standards, a useful role for the government may be to
ensure that accurate information about alternative technologies is
disseminated as widely as possible.18

17 See Owen & Braeutigam, The Regulation Game Chapter 1 (1978).

18 See S. Besen and L. Johnson, Rand Corp., Compatibility Standards,
Competition, and Innovation in the Broadcast Industry (1986).
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23. If nothing else, it must be acknowledged that it is difficult to identify the
best standard, especially when there is rapid technological change. Many

commentators have argued that the FCC made a poor choice for color

television in the 1950s, and that the European Community is making a
losing choice in HDTV today. The Japanese HDTV system is now widely
regarded as inferior to the digital system being proposed in the United
States. It is hard to think of a single standard in the electronics industry
that has remained frozen in place as long as the Commission's current
NTSC standard for broadcast television. The ATSC DTV standard that
looks so appealing and universally approved today may be regarded as a
tragic error next month or next year. In short, we are far from having a
crystal ball to show us the mandatory standard that is preferable to a
market outcome.

IV. MANDATORY DIGITAL TELEVISION STANDARDS

24. In 1987, the Commission announced a competitive process and the
formation of an advisory committee, ACATS, to make a final recom
mendation on systems submitted by private companies or consortia
based on the economic and technological benefits of each. Initially,
there were 23 proposals that shrunk to 6 by the fall of 1991. ACATS
determined that it was necessary to take the proposals beyond the
paper discussion and build full working models. Initially, those propos
als that looked most promising were based on analog technology
because of a belief that a fully digital system was at least ten years
away. In 1990, General Instrument submitted a fully digital system.
This event transformed the process, since the Commission later
announced that it would prefer a 100 percent digital system.l9 Hence,
even within the tinle frame that the Commission had set to establish a

19 See J. Farrell and C. Shapiro, "Standard Setting in High-Definition
Television," in Brookings Papers: Microeconomics 1 (1992); I. MacInnes,
"A Model for Standard Setting: High Definition Television," 12
Contemporary Economic Policy 67 (1994).
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standard, the technology has changed sufficiently that the entire focus
of the system being developed has shifted.

25. Four digital submissions by three remaining consortia were tested in
1992. The Commission felt that no system was clearly superior to the
others, and that each had at least one significant flaw. The consortia
decided to withdraw their technologies, and proposed a single Grand
Alliance standard. The Commission's involvement in the process has
helped alleviate many of the problems associated with market-based
standards setting. Even if all parties to the process considered stan
dardization beneficial, a small number of participants could have
prevented a standard from emerging. The development of the "Grand
Alliance" solution provided a means for the participants to reach a
consensus.

26. It is noteworthy that just as a market-derived standard is path-depend
ent, in the sense that early movers or large movers may influence the
eventual outcome '/unduly", so is the development of the ATSC DTV
Standard path-dependent. There is no reason to believe that the initial
constraints and parameters adopted by the Commission are consistent
with the "optimal" DTV system. For example, the Commission chose
to protect the interests of terrestrial broadcasters by requiring a stan
dard whose signals can fit into the existing terrestrial broadcast spec
trum slots. RelaXing this constraint (or others) may have yielded a very
different standard that would better serve the public.

27. The Commission recognizes that the benefits of a fiat standard may
become attenuated over time. 20 The Commission seeks to adopt rules
that encourage further innovation, minimize regulatory burdens, and
ensure that the regulations adopted remain in effect no longer than
necessary. To this end, the Commission proposes several options,
including: using it'~ current process for regulatory change; automati-

20 Fifth Notice <j( 42.
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cally reviewing the proposed standard at some time in the future; or

adopting a sunset provision. A much simpler approach is to recognize
the proposed standard as an acceptable one, but not to mandate it.

28. The Commission notes at 'I 36 of the Fifth Notice that, while it has not
imposed standards in other technologies such as MMDS, PCS, DBS and
DARS, broadcast television is different because of its broad and univer
sal reach. According to the Commission, free over-the-air television,
unlike these other subscription services, is relied upon by the American
people for information and entertainment. This, the Commission
suggests, strengthens the case for the adoption of a mandatory DTV
standard.

29. It is unclear what point the Commission is making in lJ[ 36. Perhaps the
point is that broadcast television is too important to leave to the
marketplace. Alternatively, the Commission may be suggesting that
the diffusion process for DTV under a voluntary standard will be too
lengthy or uncertain and will thus impose undue costs on viewers who
have come to rely on free broadcast television as their major sources of
news and entertaimnent. Neither suggestion bears scrutiny.

30. If broadcast television is important, that is all the more reason for the
Commission to assure itself that it does not doom DTV viewers to a
mandatory standard that is difficult or impossible to change when it
becomes obsolescent, as the Commission may have done with the
NTSC standard. Further, as the Commission is well aware, earlyadopt
ers of DTV receiving equipment are likely to be wealthy consumers
who can afford the initially expensive equipment, rather than a broad
spectrum of the television-viewing public. These consumers do not
need the Commission's protection from the risk that their purchases
may become obsolete. In any event, free over-the-air NTSC television
will continue to be available to viewers during the DTV diffusion proc
ess. Whatever transition rules may be adopted now, the Commission is
unlikely to force the retirement of NTSC assignments while any signifi
cant number of viewers lack the ability to receive DTV broadcasts.
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Finally, there is no credible basis for the assumption that DTV will
diffuse more rapidly or more optimally with a fiat standard than with a
voluntary standard; to assume otherwise is to rely on the unwise
premise that technology and economic conditions will remain
unchanged in the future.

31. The Commission's actions to date have increased the number of firms
with direct interests in promoting the new standard, thereby increasing
its chances of adoption by consumers. Additionally, since three consor
tia are immediately capable of bringing product to market, anyone
firm is unlikely to dominate, or to be harmed by moving first into
production. If the ACATS is correct, and there is not a superior alterna
tive, the market should be willing to adopt the ATSC DTV Standard
without the standard being mandated by the Commission. Having
achieved this consensus, there is no need for the government to mandate the
standard. If the standard has as much merit as is supposed, it will surely
be adopted voluntarily; there is no serious competing standard and
therefore little risk to early adopters. It is very difficult to point to any
market failure that would prevent adoption of a meritorious standard
in this circumstance.

32. Thus, the role played by the Commission seems to have been beneficial
in facilitating and encouraging the adoption of a workable and useful
standard. As discussed in the previous section, to impose that standard
by federal government fiat is unnecessary and potentially harmful.
While there now appears to be a consensus among broadcast industry
participants as to a digital standard, technology is rapidly changing
and it is possible that some other system will emerge as a superior
alternative either for terrestrial broadcasts or for other video delivery
systems. By recognizing but not mandating a standard, the Commis
sion increases the possibility for development and acceptance of the
future improvements.
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V. Interoperability Requirements

33. The Fifth Notice also mentions that there is some concern that cable
systems may voluntarily adopt a different digital television standard.21

The Commission's (:oncern apparently arises because most cable viewing
hours are spent watching broadcast programming, and the Commission
wants to ensure that broadcast programming remains available to cable
subscribers. The Commission therefore seeks comment on whether the
public interest would be served by Commission involvement to assure
compatibility between digital broadcast standards and digital cable stan
dards. 22

34. The first question that comes to mind when considering this issue is to
wonder why cable operators would adopt a technology that prevented
their subscribers from viewing their favorite channels. To the extent that
the Commission is interested in protecting the interests of viewers of
terrestrial broadcast signals, the Commission surely has no cause for
concern about cable so long as cable subscribers find cable an important
means of viewing terrestrial broadcasts. Conversely, of course, if cable
did adopt a different and incompatible technology, broadcasters to
whom cable subscrjbers are an important portion of the audience would
have powerful incentives to deliver "translated" signals directly to cable
headends.

35. The costs of obtaining compatibility depend upon the mechanism by
which compatibility is achieved. Broadly speaking, there are two mecha
nisms: standardization, whereby systems are designed to have inter
changeable components; and adapters, which attach to a component of
one system to allow it to interface with another system. With adapters,

21 Fifth Notice <)[ 64.

22 There are also the related questions of the Commission's involvement
in ensuring compatibility between other existing and potential
competing video delivery methods, including DBS, MMDS,
Instructional Television Fixed Service ("ITFS") and open video systems.
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the principal cost is that of the adapters themselves, plus the fact that
adapters may work imperfectly. By contrast, the primary cost of stan
dardization is a loss of variety. With standardization consumers will have
fewer choices, particularly if standardization prevents the development
of promising but incompatible new systems.23

36. Because the digital! technology is rapidly evolving, it is likely that
government action to mandate interoperability requirements would
impede efficient technological innovations. The market is likely to
discover the most desirable modifications of, or replacement for, the
DTV standard. Non-broadcast video programming providers will take
into account the benefits and costs of being compatible with broadcast
video programming providers when deciding whether to adopt these
modifications once they become known.

37. The market also has the ability to lower the costs of having more than
one digital television technology by offering dual (or multiple) use cus
tomer equipment. For instance, many television receivers are capable of
receiving both broadcast and cable signals without the use of a converter
box. In addition, various peripheral devices make it possible to view
programs transmitted by satellite, cable, and recorded cassettes and disks
on a standard television receiver.24 As markets expand and as technology
improves, the cost of prodUcing such dual (or multiple) use conversion
devices likely will decline.

23 Katz and Shapiro (1994), at 110.

24 Many other examples of engineered compatibility exist.
Manufacturers of computer printers and monitors design them so that
they can be used with different types of computers. Gateway devices
are designated to connect private local area communication networks
to the public telephone network, even though different
communications technologies generally are involved. Some electronic
equipment comes with a switch that allows it to operate at either 120
or 240 volts, and it is also possible to obtain voltage converters and
plug adapters.
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38. When there is an emerging technology with numerous technological
innovations, the market is particularly well-suited for determining
which modifications are best. Consumers will tend to buy service from
providers that use the technology with the best combination of cost
and service quality Thus, the Commission does not need to become
involved in assuring compatibility between digital broadcast standards
and digital cable standards or other digital video standards.

VI. CONCLUSION

39. There is a developing literature of the economics of standards. According

to that literature, there is no guarantee that in a decentralized competi

tive market, new technologies that have significant externalities will be

adopted at the optimal time or rate. The early or delayed establishment

of a standard, or the adoption of a wrong standard, may reflect a market

failure. While market failures often invite government intervention, the

case for government-mandated standards is even worse. The government

suffers from the same lack of information as does the private sector, and

the government has its own set of incentive problems. Government

standard-setting ha:-; an additional major disadvantage: it creates barriers

to entry by new technologies. In sum, the actions to date by the

Commission have heen beneficial in bringing various interested parties

together and arriving at a consensus standard. Mandating adoption of

that standard is unnecessary, has no discernible benefits, and could

impose large costs on the public in the near future.
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